Parasitic nematode infections are known to elicit a T helper type 2 (Th2) response from their hosts, which is characterized by production of interleukin-4 (IL-4) .
| INTRODUC TI ON
Parasitic nematode infections are known to elicit a T helper type 2 (Th2) response from their hosts, which is characterized by production of interleukin-4 (IL-4) (IL-5 and IL-13 and require STAT6 and GATA3). 1 This is true in the case of Haemonchus contortus (Hc) infection in sheep, 2 whereas an increase in IL-4 and IL-13 gene expression has been observed in abomasal lymph nodes and mucosa during Hc infection. 2 Murine models clearly demonstrate that early upregulation of Th2 genes in the enteric region is associated with clearance of
Heligmosomoides polygyrus bakeri infection. 3 In keeping with this finding, St. Croix (STC) hair sheep have been found to have increased IL-4 mRNA in the abomasum as early as day 3 post-infection and increasing to day 7 and lower larval burdens, while Suffolk (SUF) sheep do not have any detectable IL-4 mRNA and significantly increased larval burden during early Hc infection. 4 In addition, increased levels of IL-4 are found in circulation of STC sheep during Hc infection in association with lower faecal egg count (FEC) compared to SUF sheep. 5 The mechanism by which Th2 immunity is initiated in response to Hc is not fully understood. As antigenic components of Hc are unknown, studies using T cell receptor-specific cells are not possible.
Therefore, whole worm antigen and non specific lymphocyte populations are used to observe immune development. Thus far, Th2 activation in an in vitro culture of ovine peripheral blood mononuclear cells (PBMC) with Hc has not been described in the literature.
Therefore, these studies sought to validate a protocol for in vitro culture of ovine PBMC from both parasite-resistant and susceptible sheep with Hc larval and adult antigens and to compare their effector response by cytokine production. 
| MATERIAL S AND ME THODS

| Animals and experimental design
| Hc larval culture
Larvae were obtained by faecal culture followed by the Baermann Technique. 7 Faeces containing Hc eggs were collected from chronically infected adult sheep housed in the elevated floor barn. Faeces were mixed with sterile peat moss and activated charcoal, and the mixture was incubated for 1 week at 30°C. Larvae were baermannized and diluted to 1000 L 3 larvae/mL in PBS (pH 7.4). Each lamb was given an oral inoculum of 10 mL (1000 L 3 /mL) of diluted Hc larvae.
| Antigen preparation
A 1 mL centrifuged pellet of L 3 Hc larvae was homogenized on ice using a tissue homogenizer. Larval lysate was centrifuged at 15 000 g at 4°C for 1 hour. Supernatant was removed and sterile filtered through a 0.22 μm syringe filter. Sterile-filtered supernatant protein concentration was determined using micro-BCA assay (Pierce, Rockford, IL).
After protein quantification, protease inhibitor cocktail (Sigma Aldrich, St. Louis, MO) was added at a rate of 1 μL cocktail per μg of protein.
Crude worm antigen (CWA) was prepared as described by Bowdridge et al. 8 Lysate was centrifuged at 15 000 g at 4°C for 1 hour; supernatant was removed and sterile filtered through a 0.22 μm syringe filter.
Sterile-filtered supernatant protein concentration was determined for indicated times at 37°C and 5% CO 2 . Cells and supernatant were removed after incubation. Cells were immediately processed for RNA isolation, and supernatant was stored at −80°C for ELISA.
| PBMC separation
| Cytokine ELISA
All cytokine concentrations were determined per manufacturer's instructions (MyBioSource, San Diego, CA). All samples were analysed in duplicate, and absorbance was read at 450 nm. Briefly, IL-4 was quantified by ovine-specific ELISA kit (MyBioSource). Undiluted serum was analysed in duplicate for each animal, and the assay was performed per manufacturer's protocol. Absorbance was read at 450 nm, and raw absorbance values for samples and standards were adjusted for blank absorbance. Concentration of IL-4 was calculated using a standard curve with a detection range of 6.25-400 pg/mL; coefficient of variation of inter-and intra-assay was <10%. Raw absorbance values for samples and standards were adjusted for blank absorbance.
| RNA isolation and cDNA preparation, primer design, qPCR
RNA isolation, cDNA preparation, primer design and qPCR were all 
| STAT6 inhibition
STAT6 was pharmacologically inhibited in cells using pharmacologi-
Reston, VA). Inhibitor was added to cells in <1% DMSO during culture at indicated concentrations.
| Statistical analysis
Data were analysed using SigmaPlot (Systat Software, Inc., San Jose, CA). Statistical analysis for qPCR data was based on log 2 (ΔC t ) values, but results were reported as fold-changes from the reference class, defined as the value for each breed type at day 0. Preliminary analyses revealed that the blocking variable (time) did not significantly affect expression. Thus, data were analysed using a two-way analysis of variance with main effects of breed, time and breed by time interaction. Means were compared using a Bonferroni test statistic; differences with P ≤ 0.05 were considered statically significant.
| RE SULTS
| Sheep pbmc response to Hc antigen in vitro
PBMC from STC and SUF were cultured with 10 μg/mL of T cell mi- 
| Gene expression of sheep PBMC exposed to crude larval antigen
When analysed by qPCR, STC and SUF PBMC upregulated similar amounts of IL-4 transcript at 2, 4 and 6 hours of culture with HcLA ( Figure 3A ). However, STC PBMC had slightly increased Il4ra expression above CM control at 6 hours of culture. However, SUF PBMC did not have detectable Il4ra at 2, 4 or 6 hours of culture ( Figure 3B ). STC PBMC significantly upregulated IL-13 (P < 0.05, Figure 3C ), IL-5 (P < 0.05, Figure 3D ) and Mrc1 (P < 0.01, Figure 3E) at 6 hours of culture with HcLA. SUF PBMC upregulated IL-17 at 2, 4 and 6 hours of culture as compared to STC PBMC (P < 0.05, Figure 3F ). Neither STC nor SUF PBMC had upregulated IL-12 at any time point ( Figure 3G ). There were no differentially expressed 
| Exogenous supplementation of SUF PBMC with IL-4 protein
Given the disparity of IL-4 protein produced by STC and SUF PBMC 
| Pharmacological inhibition of STAT6 in STC PBMC cultured with Hc crude larval antigen
Signalling of IL-4 through IL-4Rα results in the phosphorylation and dimerization of the transcription factor signal transducer and activator of signal 6 (STAT6) followed by its translocation to the nucleus. PBMC cultured with CLA (P < 0.05, Figure 5 ). 
| Delayed IL-4 gene expression is associated with lower larval count in vivo
| D ISCUSS I ON
Early response to parasite infection is critical to effective expulsion.
Recognition, reaction to and expulsion of larvae prevent substantial establishment of adult worms, potentially leaving a more manage- In addition to upregulation of IL4Rα by STC PBMC, IL-13 was also upregulated in response to HcLA at 6 hours of culture. IL-13 is a cytokine responsible for smooth muscle contractility in the gut 14 and has been implicated in necessity for helminth parasite expulsion, along with IL-4Rα and STAT6. 15 Lack of IL-13 upregulation in SUF PBMC contributes to the failure of SUF sheep to generate full host protective immune response to Hc.
Eosinophilia is a classic component of immune responses to helminth parasite infection, 16 and IL-5 acts as a chemoattractant and activator of eosinophils. 17 Migration of eosinophils to the site of parasite infection aids in early helminth expulsion, 1 and greater eosinophilia is associated with Hc-resistant sheep. 18 In addition to eosinophilia, parasite-resistant sheep have decreased worm burdens; however, differences in abomasal gene expression were not found. 18 Notably, these data were not collected until 16 days of infection with Hc. IL-5 gene expression is detectable in the abomasum of STC sheep on days 3, 5 and 7 of Hc infection, while not detectable on any of these days in SUF sheep. 4 Similarly to in vivo data, these in vitro data show STC PBMC upregulate IL-5 in response to CLA at 6 hours of culture. 
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